This paper examines the impact of trade facilitation on intra-African trade. The authors examine the role of trade facilitation reforms, such as increased port efficiency, improved customs, and regulatory environments, and upgrading services infrastructure on trade between African countries. They also consider how regional trade 
Introduction
World trade has expanded faster than economic growth and has been a vehicle for raising the standard of living in OECD countries. African countries have not seen similar trade expansion. Africa's share of world exports has dropped by nearly 60 percent---from 3.5 percent in 1970 to 1.5 percent in 1999, representing a staggering income loss of $70 billion annually, an amount equivalent to 21 percent of the region's GDP and to more than five times the $13 billion in annual aid flows to Africa (World Bank, 2003) . The dismal performance of African trade can be attributed to several factors traditionally associated with growth, institutions, customs environment and infrastructure. Rodrik (1998) finds that the trade/GDP ratios of Sub-Saharan African countries are comparable to those of countries of similar size and income, and that Africa's marginalization in world trade is mainly due to low income growth. Fosu (2003) shows that coups d'état have an adverse effect on African export growth that is higher than their effect on GDP. Clarke (2005) finds that African manufacturing enterprises are less likely to export in countries with restrictive trade and customs regulation and poor customs administration. Longo and Sekkat (2004) examine the possibility of expanding intra-African trade with a gravity model, but also pay attention to obstacles to intra-regional trade. They show that insufficient infrastructure, mismanagement of economic policies and internal political tensions are the main obstacles to trade in African countries. Limao and Venables (2001) also show that poor infrastructure accounts for 40 percent of predicted transport costs for coastal countries and up to 60 percent for landlocked countries. In the case of Sub-Saharan Africa (SSA), Limao and Venables conclude that intra-SSA trade costs are substantially higher and trade volumes substantially lower than those for non-SSA countries.
Also, in Africa, relatively high trading costs at the border, low resource complementarities between member countries, small market size, and poor transport infrastructure limit both intra-and inter-regional trade (Yang and Gupta, 2007; Foroutan and Pritchett,1993; Njinkeu and Powo Fosso, 2006) .
While several of the above fall in the overall trade facilitation debate, none of the studies has explicit focus on the competitiveness agenda of African countries as pursued in various trade facilitation options including those considered in the autonomous policy debate or ongoing multilateral (WTO) or bilateral (the Economic Partnership Agreements (EPA)) trade negotiations. This paper addresses the role of the trade facilitation in promoting intra-African trade. To do this, we extend the gravity model considered in the literature (see Wilson et al 2003a Wilson et al , 2003b Wilson et al , 2004 Clark et al 2004; and OCDE, 2007) , with focus on the role of port efficiency, customs environment, regulatory environment, and services infrastructure.
Using a panel data that cover years 2003 and 2004 on a sample of 100 countries which includes 25 African countries, we find that port efficiency and services infrastructure have a positive impact on African trade but that customs and regulatory environments are the factors that lower intra-African trade.
The rest of the paper is organized as follows. Section 2 presents the review of literature.
Section 3 describes the data and estimation framework. Section 4 discusses the results while section 5 concludes.
Previous studies
Empirical studies on trade facilitation are very recent. Following Fox et al (2003) and OECD (2003), Denis (2006) 
uses the Global Trade Analysis Project (GTAP) Computable General
Equilibrium model to investigate the impact of trade facilitation and regional integration in the Middle East North Africa (MENA) region. He shows that both intra-regional and integration with European Union (EU) have a favourable effect on welfare in the MENA region. With the addition of trade facilitation improvements to trade liberalization, the welfare gains from integrating with the EU increase from US $ 1.8 billion to US $ 7.2 billion (0.82 percent increase to base GDP) whereas the welfare gains from intra-regional integration increase from US $ 913 million to US $ 3 billion (0.1 percent increase to base GDP). APEC (1999) uses the same GTAP model and finds that trade liberalization and trade facilitation could increase APEC countries' income by US 75 billion (at 1997 prices, 0.4% of GDP). UNCTAD (2001) finds that a one percent reduction in the cost of maritime and air transport services in developing countries could increase global GDP by US 7 billion (1997 value). Clark et al. (2004) find that improving port efficiency from the 25th to 75th percentiles reduces shipping costs by more than 12%. Wilson et al. (2003a Wilson et al. ( , 2003b Wilson et al. ( , 2004 show that port efficiency of both the importer and the exporter is positively associated with trade. Moreover, comparing the effect of port efficiency on imports versus exports, they find that the coefficient is higher for exporter than importer, which implies that global trade flows get a bigger boost when the exporter's port efficiency improve. For landlocked countries, Wilson, Mann and Otsuki (2003a) show that the ports are as important for both import and export as in non-landlocked countries. For island countries, it appears that ports are more important for their import and less important for their export compared to non-island countries. Similar result was found by Limao and Venables (2001) . Wilson et al. (2003a Wilson et al. ( , 2003b Wilson et al. ( , 2004 show that the customs environment has a significantly positive effect on trade of the importing country. Moreover, they argue that trade facilitation is a possible avenue for reducing the cost of imports through customs improvements. OECD (2007) uses a metrics of customs and administrative procedure from the World Bank "Doing Business" survey (2005) to estimate a gravity model. The study concludes that all countries can benefit from more efficient customs and administrative procedures, with the greatest benefits accruing to those reforming countries with the least efficient customs and administrative procedures. Wilson et al (2003a Wilson et al ( , 2003b Wilson et al ( , 2004 find that improving the regulatory environment of the importer and exporter has a positive and significant association with trade. De Groot et al.
(2003) also show that a better quality of formal institutions tend to increase trade. Rodrik et al (2002) conclude that the quality of institutions has a significant and positive effect on country's total trade flows. Otsuki et al. (2001) find that African export of cereals, nuts and dried fruits will decline by 4.3 (cereals) and 11 (nuts and dried fruits) percents with a 10 percent tighter European Union standard on aflatoxin contamination levels of these products.
Francois and Manchin (2007) also find that exports performance depend on institutional quality. Wilson et al (2003a Wilson et al ( , 2003b Wilson et al ( , 2004 use the percentage of companies that use the internet for ecommerce to assess the effect of internet. They conclude that E-business usage has a positive and significant effect on trade. Freund and Weinhold (2004) show that an increase by 10 percent in the relative number of web hosts could increase by one percent the country's trade flow. Choi (2003) shows that when the number of the internet hosts or users in a host country increased by 10 percent, the foreign direct investment inflows increased by more than 2 percent. Fink et al. (2005) suggest that a 10 percent decrease in the bilateral calling price is associated with an 8 percent increase in bilateral trade. Francois and Manchin (2007) also find that exports performance depend on communications infrastructure.
In general relatively high trading costs at the border, low resources complementary between member countries, small market size, and poor transport infrastructure limit both intra-and inter-regional African trade (Yang and Gupta, 2007; Foroutan and Pritchett,1993; Njinkeu and Powo Fosso, 2006 Business, for African countries. They found that the gains for African exporters from improving trade logistics half-way to the level in South Africa are more important than a substantive cut in tariffs. For example, improving trade logistics to lower costs in Ethiopia half-way to the level in South Africa is approximately equivalent to a 7.5 percent cut in tariffs faced by Ethiopian exporters. Njinkeu, Wilson and Powo Fosso (2007) present the trade facilitation agenda for Africa, and discuss alternative methodologies for measuring the impact of trade facilitation on trade. Longo and Sekkat (2004) suggest that improvements in the transport infrastructure indicators (length road per capita and number of telephone per capita) by 1 percent in one country can boost intra-African trade by about 2 percent. Using a gravity model, Limao and Venables show that poor infrastructure accounts for 40 percent of predicted transport costs for coastal countries and up to 60 percent for landlocked countries. In the case of Sub-Saharan Africa (SSA), Limao and Venables conclude that intra-SSA trade costs are substantially higher and trade volumes substantially lower than those for non-SSA countries. Clarke (2005) shows that African firms engaged in manufacturing are less likely to export in countries with restrictive trade, cumbersome customs regulation, and poor customs administration.
In this paper, we use the gravity model of bilateral trade in the African countries and the Rest of the world, and include a set of trade facilitation indicators (port efficiency, customs and regulatory environment, and services infrastructure) as well as incorporate tariffs and regional trade agreements to see which of these factors might have a greater effect on intra-African trade flows.
Methodology

Rationale for trade facilitation measures
The main impediment to quantitative analysis of trade facilitation is availability of properly defined and measured development of trade facilitation indicators. Wilson, Mann and Otsuki (2003a , 2003b ) present four distinct approaches that meet policymakers' needs. They are: (i) port efficiency, (ii) customs environment, (iii) regulatory environment, and (iv) services sector infrastructure.
Port efficiency (PE) is designed to measure the quality of infrastructure of maritime and air ports. Customs environment (CE) is aimed at measuring direct customs costs as well as administrative transparency of customs and border crossings. Regulatory environment (RE) is designed to measure the economy's approach to regulations. Services infrastructure sector (SI) is designed to measure the extent to which an economy has the necessary domestic infrastructure (e.g., telecommunications, financial intermediaries, and logistic firms) and is using networked information to improve efficiency and to transform activities to enhance economic activity. Negotiations shall also aim at enhancing technical assistance and support for capacity building in this area. The negotiations shall further aim at provisions for effective cooperation between customs or any other appropriate authorities on trade facilitation and customs compliance issues." WTO (2004) The port efficiency measure has been constructed in accordance with GATT article V (freedom of transit). This article deals with free movement of goods, which should be allowed to move via most convenient route, should be exempt from customs or transit duties, and should be free from unnecessary delays or restrictions.
The definition of custom environment used in this paper addresses the concerns of GATT article VIII. GATT article VIII states that in order to minimize impediments to trade due to customs procedures, fees charged by customs officials must be limited to the approximate cost of customs services. Also, there should not be substantial penalties for minor breaches of customs regulations such as clerical errors. Regulatory environment issues are addressed in GATT article X which discusses Publication and Administration of Trade Regulations. This article comes from the basic transparency obligation that requires prompt publication of laws and regulations affecting imports and exports so that foreign governments and traders may clearly understand them.
Defining and measuring trade facilitation indicators
Trade facilitation indicators, in this paper, are constructed from the Global Competitiveness Report (GCR) produces by the World Economic Forum (WEF). 6 The GCR is an annual publication that aims to enhance global understanding of the factors influencing private-sector led economic growth and explains why some countries are much more successful than others at creating new employment opportunities and raising the income level of their respective populations. For participating countries, the GCR reports on performance and policy conditions affecting the ability of private sector firms to be globally competitive --able to create and add value within the global marketplace. WEF has expanded its worldwide Our approach is therefore different from that followed by Wilson, Mann and Otsuki (2004) 
The empirical model
The gravity model, is a short-hand representation of supply and demand forces in which the amount of trade between countries is assumed to be increasing in their sizes (as measured by their national incomes), and decreasing in the cost of transportation between them (as measured by the distance between their economic centers). By assuming first Cobb-Douglas preferences and then CES preferences, Anderson (1979) was the first to derive the gravity equations from models that assumed product differentiation. In both cases, he made the Armington assumption that products were differentiated by country of origin. Anderson and Wincoop (2003) developed a method that consistently and efficiently estimated a theoretical gravity equation, and correctly calculates the comparative statistics of trade frictions. Anderson and Wincoop (2004) introduced the border costs as premium on the export prices.
In the so called augmented gravity models, most authors (e.g. Carrere, 2004; Musila, 2005; Frankel and al., 1995; Glick and Rose, 2002; Frankel and Rose, 2002; Rose, 2001; Rose and Engel, 2002; Longo and Sekkat 2004; Wilson et al., 2003a Wilson et al., , 2003b Wilson et al., , 2004 add other variables such as income per capita, adjacency, common language, common currency, or colonial links.
The augmented gravity model of trade has also been used widely as a baseline model for estimating the impact of a variety of policy issues including, regional trading groups (Carrere, 2004; Musila, 2005, Longo and Sekkat 2004) , political blocs (Frankel et al, 1995) , currency unions (Glick and Rose, 2002; Frankel and Rose, 2002; Rose, 2001; Rose and Engel, 2002; Carrere, 2004) , and trade facilitation (Limao and Venable, 2001; Wilson et al, 2003a Wilson et al, , 2003b Wilson et al, , 2004 Clark et al, 2004) . We follow this approach.
In our sample, zero or missing bilateral trade observations reaches 43.53% of the total.
Since the dependant variable is truncated at zero, estimation with OLS will produce biased results. We therefore use a Tobit model and our augmented gravity is therefore as follows: In the literature, it has been found that poorly-performing ports can strongly reduce trade volumes and may have a greater dampening effect on trade for small, less-developed countries than many other trade frictions (Wilson et al, 2003a (Wilson et al, , 2003b (Wilson et al, , 2004 Clark et al, 2004 ). Thus we may expect that improvement of port infrastructure affects positively the trade flows.
Customs is a mandatory element in the movement of goods across borders and the procedures apply to these goods significantly influence the role of national industry in international trade and their contribution to the national economy. Effective and efficient clearance of goods increases the participation of national industry in the world marketplace and contributes to economic competitiveness of nations, encourages investment and development of industry, and increases the small and medium enterprises in international trade (World Customs Organization).
Well developed institutions are likely to decrease the transaction costs for market participants and thus increase the efficiency of markets. They can do this through three channels (World Bank, 2002) . (i) They decrease information asymmetries as they channel information about market conditions, participants and goods; (ii) They reduce risk as they define and enforce property rights and contracts, determining who gets what and when, and (iii) They increase competition in markets or decrease it. The improvements of the regulatory environment will affect trade positively.
Services infrastructure sector (SI) is designed to measure the extent to which an economy has the necessary domestic infrastructure (e.g., telecommunications, financial intermediaries, and logistic firms) and is using networked information to improve efficiency and to transform activities to enhance economic activity. For example, the Internet can improve the productivity in three ways. (i) Internet can lower prices by lowering search costs; (ii) Internet use can cut the cost of holding inventories by allowing large suppliers to bypass retailers and contact customers directly; and (iii) Internet usage can improve the transparency of the host countries and make it comfortable to do business. It is expected that the improvement of SI will have a positive impact on the trade.
Because trade flows are expected to be positively related to national incomes, and negatively related to distance, b 10 and b 11 are expected to be positive and b 14 is expected to be negative.
Trade flows are also expected to be positively associated with regional integration, language, and adjacency.
In contrast to cross-section data, panel data permit more general types of heterogeneity. For a single cross-section, these controls can only depend on observed country-pair attributes such as common language, and estimates can thus be biased if there is additionally an observed component to the country-pair propensity to trade. With panel data, such heterogeneity can be controlled through a country-pair fixed effect. In this paper, we use country-specific effect when a country is an exporter. With this specification, distance, adjacency, and language are eliminated because they are fixed over time 10 .
We use three sub-samples. The first concerns bilateral trade flows between 100 countries. The second is, a sample comprising 25 African countries (see table 8 
The results
(i) Whole sample
In this section, we extended the Wilson, Mann and Otsuki (WMO) (2003a , 2003b 12 sample to include 25 countries primarily from Africa. We have also captured the effect of African regional integration schemes. The gravity model was run using an ordinary least squares (OLS) with the Huber/White robust standard error.
The coefficients of ports efficiency of both the importer and the exporter are positively associated with trade. Comparing the effect of port efficiency on import vs. exports, we find, as did WMO, that the coefficient is higher for exporter than importer (see table 4 We applied the Tobit model (table 5) on the whole sample countries to take into account missing or zero trade. We also added a dummy to isolate the effect of intra-African trade. The results (see third column of table 5) show that when African countries trade among them, the world trade increases significantly.
In the pooled cross-section regression, tariff is negative and significant. In the fixed effects regressions, it becomes insignificant but remains negative. For the trade facilitation indicators, port efficiency of exporter is positive and significant whereas port efficiency of importer country is negative and not significant in pooled cross-section regression and year 2003 fixed effects. This means that importer country must improve their port infrastructure to be competitive in the global market. The customs environment variable of both the importer and the exporter is positively associated with trade in the fixed effect regressions. Comparing the effect of customs environment on import vs. exports, we note that the coefficient is higher for the importer than the exporter. The regulatory environment of the importer has significant and positive effect on trade whereas regulatory environment of the exporter has significant and negative effect. The services infrastructure variable of importer is significant and positive in all the regression whereas it is negative and significant for exporter country in the fixed effect regressions.
When using pooled cross-section regression, CEMAC, COMESA, ECOWAS and SADC regional integration affects trade positively. The other African regional agreements (AMU, UEMOA) have not effect on trade. In the year fixed effect regression, all the African regional agreements are significant and positively associated with trade.
(
ii) Intra-African Trade
We use only the sample of 25 African countries as reporter (exporter) and partner (importer).
Using a Tobit model, table 6 shows that port efficiency of both the importer and the exporter is positively associated with trade in the pooled cross-section regression. Comparing the effect of port efficiency on import vs. exports, we note that the coefficient is higher for importer than exporter. Because the dependant variable is the value of manufacture exports, this result can be explained by the fact that African countries are net importer of manufactured goods.
The customs environment of the importer has a significant and negative effect on trade. The policy implication of this result is that African countries must improve their customs environment to boost their economy. The regulatory environment of the importer has significant and positive effect on trade whereas the regulatory environment of the exporter has significant and negative effect. Only services infrastructure of the importer is positively associated with trade. The services infrastructure of the exporter is insignificant.
A comparison of the results of the fixed effects and pooled cross-section shows that allowing for year 2003 fixed effect and exporter heterogeneity (see second and third column of table 6) lowers the absolute value of the trade facilitation indicators, and increase the estimated income elasticity of trade.
The CEMAC, ECOWAS and UEMOA agreements are not significant and negatively related to trade in the pooled cross-section regression whereas AMU is significant and negatively related to trade. COMESA and SADC are significant and positively associated with trade.
When we use the fixed effect regressions, all the African regional agreements become significant and positively related to trade.
Tariff is positive and significantly associated with trade. This means that for African countries, tariff is not a constraint for trade contrary to non tariff barriers that appear to be the main challenge for African countries.
(iii) Intra-African Trade with the Rest of the World
We use a sample of African countries as reporter (exporter) exports, we note that the coefficient is higher for importer than exporter. In contrast to the previous case, customs environment of the exporter is now positive (negative) and significant in pooled cross-section (fixed effect regression). The policy implication of this result is that
African countries must improve their customs environment to boost their economy.
Regulatory variable of both the importer and the exporter is positively associated with trade in exporter fixed effect regression. Comparing the effect of regulatory environment on import vs. exports, we note that the coefficient is higher for exporter than importer. A comparison of the results of the fixed effects and pooled cross-section shows that allowing for year 2003 fixed effect and exporter heterogeneity (see second and third column of table 7) lowers the absolute value of port efficiency, customs environment and services infrastructure coefficients, and increases the absolute value of regulatory environment coefficient. We also observe an increase of the estimated income elasticity of trade. For regional agreements, we have the same results as described in the previous section.
Conclusion
The aim of this paper was to examine the impact of trade facilitation on intra-African trade. Negotiations at the WTO and Economic Partnership Agreements (EPA), especially because they explicitly recognize the need for technical assistance and capacity building, offer an opportunity. The further consensus about the relevance of trade facilitation to the aid for trade initiative confirms the centrality of the above conclusion for African countries (see Mugadza, 2008) .
First, the customs environment is a key factor for accelerating trade among countries.
Improvement of African countries' customs can generate positive spill-overs. Second, a good regulatory environment attracts foreign investment and facilitates the trade.
In our sample, 43.53% of importer-exporter pairings had zero bilateral trade. Thus apart from analyzing the effects of different variables on trade, we must also focus on factors that may explain why trade does not occur at all among countries. Employing a selection model allowed us to take account of this censoring process (Francois and Manchin, 2007) .
Appendix: Data sources and definitions
The yearly data are constructed for 100 countries and 11 regional trade agreements spanning 
A.2 Real GNI per capita
For all countries, we deflate GNI per capita (source: WDI) with the CPI except for Serbia and Zimbabwe. For these countries, we use GDP deflator (source: WDI).
A.3 Trade facilitation Indicators
A.3.1 Port efficiency
The Port efficiency for each country is the average of two indexed inputs from GCR: 
A.4 Trade Flows
The bilateral trade flows are bilateral trade in manufactured goods (source: COMTRADE), defined as commodities in categories 5 to 8 in SITC 1 digit industry except those in category 68 (non-ferrous metals). The Trade flow data aggregate the trade flows over the manufactured goods for a given importer-exporter. We deflate the trade flow using the world import index (source: IFS).
A.5 Tariffs
We use weighted average of applied tariff rates All non-dummy variables are in logs. The notations "*", "**", and "***" denote significance at 10, 5 and 1 percent levels, respectively. Source: Authors' computations based on World Economic Forum Global Competitiveness Report for trade facilitation indicators, COMTRADE for trade flows, UNCTAD TRAINS for tariffs, and World Bank World Development Indicators for GNI. Note: All non-dummy variables are in logs. The notations "*", "**", and "***" denote significance at 10, 5 and 1 percent levels, respectively. Source: Authors' computations based on World Economic Forum Global Competitiveness Report for trade facilitation indicators, COMTRADE for trade flows, UNCTAD TRAINS for tariffs, and World Bank World Development Indicators for GNI. Note: All non-dummy variables are in logs. The notations "*", "**", and "***" denote significance at 10, 5 and 1 percent levels, respectively. Source: Authors' computations based on World Economic Forum Global Competitiveness Report for trade facilitation indicators, COMTRADE for trade flows, UNCTAD TRAINS for tariffs, and World Bank World Development Indicators for GNI. 
